Effects of emotion on word processing are well established in monolingual speakers. However, studies that have assessed whether affective features of words undergo the same processing in a native and non-native language have provided mixed results: studies that have found differences between L1 and L2 processing, attributed it to the fact that a second language (L2) learned late in life would not be processed affectively, because affective associations are established during childhood.
Language processing is affected by emotional content and this is the case even for single words (e.g., Altmann, Bohrn, Lubrich, Menninghaus & Jacobs, 2012) .
Studies with monolinguals have found that words with affective features (valenced words) are processed differently than neutral words. In particular, once factors such as length and familiarity are taken into account, both negative and positive words are processed faster than neutral words in lexical decision tasks (a relatively shallow task in which subjects are required to distinguish between words and nonwords; Kousta, Vinson & Vigliocco, 2009; see Vinson, Ponari & Vigliocco, 2014 for a discussion).
Effects of valence on lexical decision reaction times are also modulated by frequency:
positive and negative words are processed faster than neutral among low frequency words, while positive words are processed faster than neutral and negative among high frequency words (Kuchinke, Vš, Hofmann & Jacobs, 2007; Scott, O'Donnell, Leuthold & Sereno, 2009 ; see also Kuperman, Estes, Brysbaert & Warriner, 2014) .
Although an advantage for negative words has not been consistently reported, especially using tasks such as the Emotional Stroop task where negative words tend to lead to slower RTs (but see Larsen, Mercer, and Balota, 2006 for a review), a general difference in processing emotional vs. neutral words is well established.
The majority of work on emotional language has been carried out with monolingual (especially English speaking) participants, however, in the last decade the interest on emotion and bilingualism has increased (see Pavlenko, 2008 , 2012 for reviews). The central question is whether and to what extent affect is associated to the second language, given that emotional associations of words might be established especially in childhood (e.g., in childhood reprimands/endearments; Pavlenko, 2012) .
In general, the first language (L1) is considered more emotional than the second (L2) or subsequent languages (Lx) (Altarriba, 2008; Dewaele, 2004; Pavlenko, 2008) .
According to this view, in balanced early bilinguals both L1 and L2 may be closely attuned to the emotional content associated with each language, whereas in late sequential bilinguals the L2 is associated with greater emotional distance (Altarriba, 2008; Dewaele & Pavlenko, 2002) , as it is typically learned in formal contexts (e.g. school, university, or workplace), where "the same opportunities for affective linguistic conditioning" are missing compared to childhood (Pavlenko, 2008, p.156) .
Therefore, particularly in late bilinguals, the emotional valence of L2 words is considered to be "disembodied" as L2 words would be processed semantically but not affectively (Pavlenko, 2012, p. 405) .
Studies using subjective measures (questionnaires) have shown that bilinguals experience their L1 as more emotional than their L2 (e.g., Dewaele, 2004; Pavlenko, 2004 Pavlenko, , 2005 : regardless of proficiency, bilinguals often report that although they know the emotional meaning of words in L2, they don't feel it (Pavlenko, 2005) . Self reports, however, can be related to confounding variables like cultural stereotypes (Degner, Doycheva & Wentura, 2012) . Studies using objective measures (such as RTs) provide inconsistent results, showing in some cases an advantage in processing emotional words in L1 (Anooshian & Hertel, 1994) , in other cases an advantage in L2 (Ay•i•egi & Harris, 2004) or no difference between languages (Ay•i•egi-Dinn & Caldwell- Harris, 2009; Eilola, Havelka & Sharma, 2007; FerrŽ, Garc'a, Fraga, S ‡nchez-Casas & Molero, 2010; FerrŽ, Sanchez-Casas & Fraga, 2012; Segalowitz, Trofimovich, Gatbonton & Sokolovskaya, 2008; Sutton, Altarriba, Gianico & Basnight-Brown, 2007) . EEG studies using a lexical decision task suggest weaker (Conrad, Recio & Jacobs, 2011) or delayed (Opitz & Degner, 2012) automatic affective processing in L2.
Differences in affective processing of L2 words can be linked to age and context of learning (by instruction, in the classroom settings, or by immersion, as moving to the L2 speaking country), proficiency and language dominance. More specifically, high proficiency and high frequency of L2 use could lead to direct and strong associations between L2 words and corresponding semantic concepts (see Kroll & Stewart, 1994) and thus to higher accessibility of affective properties.
Consistently, Degner et al. (2012) found affective priming in L2 only in participants who used their L2 frequently in everyday life.
Differences in results of previous studies may be related to the way in which these and other variables are taken into account. First, age of L2 acquisition and context of learning differ between and even within studies. Second, the type of task differs (self-reports, interviews, emotional Stroop and memory studies); most of the aforementioned studies used tasks in which participants are explicitly asked to focus on words' emotional content, which does not allow to disentangle whether the reduced affective processing is due to a general slower semantic processing in L2 (see Degner et al., 2012; Segalowitz et al., 2008) . Third, the materials differ: some studies only used words referred to emotions (e.g., happy, sad etc.), others words with emotional associations (promotion, crime etc., that could be emotion words or not), other studies words like taboo, swearwords, reprimands and endearments. Finally, across studies, the degree of typological similarity between L1 and L2 also differs.
This may be particularly important because processing cognates (words that share phonological and/or orthographic form although they are not always translation equivalent; Hall, 2002) is easier than processing words that have different phonological forms (e.g., Odlin, 1989) .
Here, we assess L2 processing of valenced words controlling most of the confounding variables present in previous studies: first, we compare early and late learners of English to native speakers, thus taking into account effects of age of English acquisition. Second, we use a task that does not require to focus on emotion (i.e., lexical decision), to tap into automatic processing. Third, we test participants whose L1s vary across language families (including non-Latin-script languages and sign languages), taking into account the degree of similarity between English and individual L1s, and the presence of cognates. Finally, we control for effects of L2 immersion (duration of stay in a L2 speaking country, daily frequency and domain (personal/professional) of L2 use).
If the emotional content of words is less available in L2, especially when L2 is learned late in life, then late English learners should not show the same emotional effect as native speakers (and early learners). However, models of L2 acquisition and processing (e.g. Kroll & Stewart, 1994) would suggest that proficient L2 learners process affective connotations of words just like native speakers, regardless of the age of English acquisition. If this is the case, we should not find any difference in the size of the emotion effect between L2 and native speakers. Language immersion, though, could modulate the emotion effect, in which case we would find differences related to whether the participants are resident or not in an English speaking country, the duration of stay, and the frequency of L2 use.
METHODS

Participants
Data from ninety-five native English speakers (Native: 60 females, mean age = 22.58, SD = 7.30) and 156 participants with English as second language (L2) L2 participants' native languages were diverse, ranging from Indo-European languages (Dutch, German, Danish, Spanish, French, Swedish, Norwegian) to Sign languages (BSL) to non-Latin scripts (Cantonese, Chinese, Hindi, Japanese, Malay, Mandarin, Russian). All participants had normal or corrected to normal vision and gave informed written consent to the study.
Materials
Stimuli for the experiment were taken from Kousta et al. (2009) , excluding two triplets that were also excluded from analyses of the original study, and one triplet due to repetition of the word "victory", leaving 111 words (37 positive, 37 negative and 37 neutral; stimuli characteristics are summarized in Supplemental Table   1 ) and 111 nonwords. Nonwords were created by changing a letter from additional positive, negative and neutral words; resulting nonwords were pronounceable, orthographically licit and matched pairwise with the experimental items in terms of length.
Procedure
Before carrying out the lexical decision task, all participants completed a brief questionnaire that included questions concerning age of English acquisition, native language, and other spoken languages. A subset of participants also completed the LHQ test, as described in the Participants section.
In the lexical decision task, stimuli were displayed in black Courier New 18 point font on a white background with a central fixation cross, viewed from comfortable distance. Stimulus presentation was controlled by E-Prime v.1.2 (Schneider, Eschman & Zuccolotto, 2002) . On each trial, the fixation cross was displayed for 400ms, followed by the letter string, which remained on the screen until a response was given. Participants were instructed to respond as quickly and accurately as possible, by pressing the "j" or the "f" key on a standard UK keyboard with the right or left index finger respectively. A blank inter-trial interval of 1000ms followed each response. Each participant first completed 12 practice items with feedback on accuracy.
Exclusion criteria
Participants were excluded from the main analyses if they had overall accuracy under 80%, or mean RT over 1000ms, leaving 88 Native, 74 Early and 78
Late L2 participants. At a trial level, RTs faster than 250ms or slower than 2500ms
(2.74% of the data) as well as error trials (overall mean accuracy = 0.95; SD = 0.22),
were excluded from analysis of RTs.
RESULTS
Are the emotion effects modulated by Age of English Acquisition?
A mixed ANOVA with valence (negative, neutral, positive) as within subject variable and AEA group (Native, Early, Late) as between subject variable, showed a significant main effect of valence, F(1.898, 449.7 2 ) = 95.366, p < 001, In summary, we found that positive and negative words are processed faster than neutral words in a lexical decision task, thus replicating previous results on native speakers and extending them to non-native participants, regardless of AEA.
~ Please insert Figure 1 about here ~
As mentioned in the introduction, however, the effect of valence might be confounded with the effect of other variables, both related to specific characteristics of the words, like frequency or concreteness, that are known to exert a strong effect on reaction times 3 ; or related to the subjects, such as the similarity between their L1
and English, or the degree of English immersion/dominance.
To take these into account, we conducted further analyses using linear mixed effect models (package lme4 v. 1.0-5: Bates & Maechler, 2009 , running in R version 3.0.1 (R Core Team, 2013 ). Mixed effect models are a variety of regression models, commonly used in psycholinguistics, that take into account variation that is not generalizable to the independent variable (allowing therefore to consider variation across different subjects and different stimuli, specific to the data sample).
We started fitting a baseline model which included the following nonemotional factors: familiarity, imageability, concreteness (from Coltheart, 1981) Model fits included random intercepts as well as random slopes for both participants and items, thus starting with a maximal, "designdriven" random effects structure (Barr, Levy, Scheepers & Tily, 2013) . As the model including random slopes for all predictors did not converge, we removed the slopes of the non-emotional variables by subject and item before proceeding further, leaving only the random slopes for variables of interest (by subject: valence and word frequency; by item: AEA group). Log-likelihood ratio tests were used to compare fitted models.
To test for effects of Age of English Acquisition (AEA), we first tested a model including the three-way interaction between valence, word frequency and AEA group (Native, Early L2, Late L2) against a model including the three combinations of two-way interactions and the main effects. Including the three-way interaction did not significantly improve the fit of the model (log-likelihood ratio for interaction model = -167040; log-likelihood ratio for two-way interactions model = -167043; 2 (4) = 5.787, p = .216). Having established that a three-way interaction is not warranted, we then followed the same strategy to test whether two-way interactions were warranted;
removing each one in turn and assessing whether the model including that interaction was significantly better than a comparable model without it.
These analyses did not provide evidence for a word frequency ! valence interaction: keeping this interaction in the model did not significantly improve the fit (log-likelihood ratio for the model including the interaction = -167043; log-likelihood ratio for the model without it = -167044; 2 (2) = 0.8564, p = .652).
However, we found a significant improvement gained by including the frequency ! AEA interaction in the model, compared to the model without it (loglikelihood ratio for the model including the interaction = -167044; log-likelihood ratio for the model without it = -167064; 2 (2) = 47.781, p < .001). Late L2 participants were particularly slower with low frequency words.
Crucially for the purpose of this study, we found no improvement by keeping the Valence ! AEA interaction term against a model which did not include it (loglikelihood ratio for the model including the interaction = -167044; log-likelihood ratio for the model without it = -167045; 2 (4) = 2.5604, p = .6339).
As a final check, we tested whether the effect of valence persisted in this Here and in the following sections, we report p-values based on the normal approximation to the t-distribution, under the null hypothesis that a coefficient is drawn from a distribution with mean of zero. As degrees of freedom increase, the t-distribution converges to z. 5 In the case of interactions, 'coefficient estimate' refers to the difference of difference scores. In this case it refers to the 'Native(Valenced-Neutral)-Early(Valenced-Neutral)' difference, thus testing whether the magnitude of the valence effect differs for Native and Early L2 participants. 
Are the emotion effects modulated by language similarities?
To assess whether the degree of similarity between languages and in particular the presence of cognates could have had a role in the processing advantage of emotionally valenced over neutral words, we conducted additional analyses testing for the role of language family. We started testing a model that included the two-way interaction between valence and language family, keeping AEA group (Early L2, Late L2) as a main effect (as we did not find a significant AEA ! valence interaction in the main mixed models analysis), against a model that did not include the valence ! language family interaction. We found a marginally significant improvement gained by adding the interaction (log-likelihood ratio for interaction model = -80327; log-likelihood ratio for the model without it = -80333; 2 (6) = 12.024, p = .06). Participants with Germanic (coefficient estimate = 101.81, SE = 40.66, t = 2.50, p = .012) and Romance (coefficient estimate = 124.54, SE = 41.79, t = 2.98, p = .003) were significantly slower. As this analysis does not show sufficient evidence to suggest a valence ! language family interaction, and this could be modulated by AEA, we then conducted follow up analyses formally testing for interactions between language family, valence and AEA using only Romance and Germanic language families in order to permit a fully factorial design. As in the main analyses above, we used twolevel factors and contrasted emotional versus neutral words. Continuous predictors (the same control variables as in the final model above) were centred and fixed effects were contrast-coded. We tested a model including the three-way interaction between valence, language family (Romance, Germanic) and AEA group (Early L2, Late L2) against a model including the three combinations of two-way interactions and the main effects. There was no significant improvement gained by adding the three-way interaction (log-likelihood ratio for interaction model = -56364; log-likelihood ratio for two-way interactions model = -56364; 2 (1) = 0.854, p = .356). There was no reliable main effect of language family (coefficient estimate = 45.19, SE = 29.50, t = 1.54) or AEA (coefficient estimate = -33.33, SE = 30.07, t = -1.11, p = .227). Most crucially, the main effect of valence was still reliable (coefficient estimate = -24.77, SE = 12.07, t = -2.05, p = .040), but there was no evidence for a valence ! language family interaction (coefficient estimate = -11.18, SE = 8.33, t = -1.34, p = .018).
We also looked at the role of language similarities in terms of presence of cognates. Words were classified as cognates or noncognates for each individual L1
(again focusing only on Romance and Germanic L1 families, that were more likely to be similar to English; words were classified as cognates by 2 native speakers of each language). Cognate status was included as a fixed effect and as a random slope by participants in a model contrasting valenced and neutral words for Early L2 and Late L2 participants. The model also included the same control variables as in the main analyses.
Cognate status was a significant predictor of RTs (coefficient estimate = -20.78, SE = 6.87, t = -3.02, p = .003), but the effect of valence persisted (coefficient estimate = -33.89, SE = 11.02, t = -3.08, p = .002), with no difference between Early and Late L2. A model including the three-way interaction between cognate status, valence and AEA group did not add significant improvement (log-likelihood ratio for interaction model = -45487; log-likelihood ratio for main effects model = -45487; 2 (3) = 0.893, p = .827).
Are the emotion effects modulated by frequency and context of L2 use?
The processing advantage of valenced words that we found in both Early and Late L2 learners was not modulated by language similarities or the presence of cognates. However, as suggested by Degner et al. (2012) , the processing of words' valence in L2 is largely determined by the frequency and context of L2 use. We found no difference in the type and direction of the emotion effect between native speakers and both late and early high proficient L2 speakers. Valenced words were recognised faster than neutral words by both Native speakers and L2 participants, despite Late L2 being overall slower than Native speakers in performing the task.
This valence effect was not modulated by language similarity or language immersion:
we found comparable emotion effects across all language families, regardless of AEA, with no evidence for an effect of cognates and, crucially, no evidence for an effect of country of residence, duration of stay, frequency and domain of language use.
For native speakers, these results replicate previous findings showing that valence, regardless of polarity, facilitates processing of words (Kousta et al., 2009 ).
Note that despite using the same set of stimuli as in Kousta et al. (2009) , here we did not only rely on matching lexical and sublexical variables between valence categories, but instead we explicitly modelled variation among these control variables (in addition to simultaneously treating participants and items as random effects), in order to adequately control potentially confounding variables. Moreover, the present study further tested for the role of frequency, which has been argued to be important in modulating valence effects especially for negative words (e.g., Kuperman et al., 2014) . It remains to be seen whether the interaction observed by Kuperman et al.
depends upon specific characteristics of the item set tested, but here we find no indication of such an interaction.
Regarding processing of L2, our findings contrasting early, late and native speakers provide novel and strong evidence that valenced English words are processed in a similar way by Native, Early and Late L2 highly proficient speakers with a range of different L1s. Thus, once AEA is taken into account, and when comparing the same words and the same task across groups, we see that L1 and L2 speakers process the emotional valence of words similarly. The valence effect in L2 is not modulated by etymological similarities across languages: although, unsurprisingly, cognate status was a significant predictor of reaction times, the valence effect persisted with no difference between early and late learners, suggesting that the effect is genuinely conceptually mediated rather than linked to more surface properties of the words.
The valence effect observed in L2 participants is consistent with results of FerrŽ et al. (2010) who found an advantage in recalling valenced words in both L1
and L2, regardless of age and context of L2 acquisition, and with recent neuroimaging evidence showing enhanced ERPs components for valenced words in both L1 and L2 (Conrad et al., 2011; Opitz & Degner, 2012 ).
This is not to say that word processing is the same in the two languages. In fact, we found a number of differences across groups. First, Late L2 responded slower than Native speakers, although no RT difference was observed between Early L2 and Native speakers, compatible with findings from Sandoval, Gollan, Ferreira, and Salmon (2010; see Hanulov ‡, Davidson, & Indefrey, 2011 for review) . This is consistent with the idea that adults learn a new language by establishing translation equivalents between L1 and L2, especially in early stages (MacWhinney, 2008) ; is compatible with ERP findings showing delayed automatic processing in L2 (Opitz & Degner, 2012) ; and in line with current models of the organization of the bilingual lexicon (e.g., Kroll & Tokowicz, 2005) , claiming that the mental lexicon in L2 users becomes more integrated across the L1 and L2 as proficiency develops. These models imply that in highly proficient L2 speakers, a word presented in one language automatically activates, in parallel, the mental representation of the corresponding translation in the other language. This is consistent with the significant effect of cognate status we found, although crucially we still found a valence effect after taking cognates into account, with no differences of AEA. Late L2 learners were also more sensitive to the effect of word frequency, in line with evidence suggesting that the frequency effect might be larger in L2 as compared with L1 (e.g., van Wijnendaele & Brysbaert, 2002) .
Surprisingly, however, we did not find any modulation of language immersion on the valence effect, that would be suggested by those same models of L2
acquisition. This is also in contrast with Degner et al. (2012) , who found that only participants with a high daily frequency of L2 use showed a significant automatic processing of valence in L2, despite the participants they tested did not differ in terms of proficiency or duration of stay in a L2 speaking country. However, valence effects in L2 have been found by Eilola et al. (2007) in a group of Finnish-English bilinguals living in Finland, who most likely did not use English frequently in everyday life. It remains to be established if differences in terms of design, stimuli and task (affective priming in Degner et al., 2012; emotional Stroop in Eilola et al., 2007; lexical decision in the present study) are responsible for the differences in results. In any case, finding a valence effect in both L1 and L2 speakers regardless of AEA, language similarity, and also degree of language immersion, argue against a 'disembodied' account of L2 processing, that would imply that even highly proficient bilingual speakers can only process their L2 semantically but not emotionally (see Pavlenko, 2012) .
In summary, we showed for the first time in a large-scale study including highly proficient L2 speakers with a range of different L1s and different degrees of language immersion that valenced words, regardless of polarity, are processed faster than neutral words and therefore strongly suggest conceptually-mediated processing even for individuals who acquired their L2 late and/or do not use English in everyday life. 
